All experimental data are available at Open Science Framework ([osf.io](http://osf.io)): DOI [10.17605/OSF.IO/MUTGA](https://doi.org/10.17605/OSF.IO/MUTGA).

Introduction {#sec001}
============

Perinatal asphyxia (PA), defined as O~2~ deprivation around the time of delivery, is one of the primary causes of neonatal morbidity and mortality worldwide, affecting \~4 million neonates annually \[[@pone.0233851.ref001]\]. The interruption of the placental or pulmonary gas exchange induces immediate metabolic changes (hypoxemia, hypercapnia and mixed acidosis) that trigger cardiovascular responses in favour of maintaining O~2~ delivery to the myocardium and the brain (i.e. centralized circulation). When these compensatory mechanisms are exhausted, critical tissue hypoxia/ischemia will occur, and the subsequent metabolic crisis will lead to hypoxic-ischemic encephalopathy (HIE) in the survivors \[[@pone.0233851.ref002]\].

Despite the partial efficacy of therapeutic hypothermia to mitigate the adverse outcome of PA/HIE \[[@pone.0233851.ref003],[@pone.0233851.ref004]\], preclinical animal models are still required to study the precise pathophysiology of HIE development, and also to test putative neuroprotective approaches \[[@pone.0233851.ref005]\]. Similar to the heterogeneity of the aetiology, severity, and duration of the human PA/HIE syndrome, there is also considerable heterogeneity in the preclinical models, both in the species, the prenatal/postnatal age of the animals, the methodology to induce PA/HIE, and the length of the post-asphyxial observation period. These differences do not allow easy comparison and translation of the accumulated data. The newborn pig has long been identified and accepted as a general preclinical model to study the term human neonate \[[@pone.0233851.ref006],[@pone.0233851.ref007]\]. There are a number of important similarities between the two species in brain structure, metabolism, development \[[@pone.0233851.ref008],[@pone.0233851.ref009]\], and in cerebrovascular physiology \[[@pone.0233851.ref010]\] that make piglets adequate for translational PA/HIE research. We have recently published a newborn piglet PA/HIE model \[[@pone.0233851.ref011]\] that produced major hallmarks of human PA/HIE and was able to elicit significant neuronal injury, but did not include manipulations that occur never or very rarely in humans such as bilateral carotid artery occlusion or transient hemorrhagic hypotension.

In the present study, we set out to investigate the course of brain interstitial pH (pH~brain~) changes during PA and the subacute phase of HIE development in our piglet model. In HIE patients using magnetic resonance spectroscopy (MRS) techniques at \< 2 weeks of age, brain intracellular pH (pH~i~) levels were found to be rather elevated \[[@pone.0233851.ref012]\]. This alkalosis persisted for months and correlated with adverse neurological outcome, and the described pH alteration may be one of the features of the so-called secondary energy failure \[[@pone.0233851.ref013],[@pone.0233851.ref014]\]. However, changes in pH~i~ may not truthfully reflect pH~brain~ alterations as transmembrane pH gradients are subject to change during HIE development, and furthermore, intracellular and extracellular pH have different targets via which they may change brain activity and energy consumption \[[@pone.0233851.ref015]\]. There are very limited data on pH~brain~ changes elicited by PA/HIE from piglets \[[@pone.0233851.ref016]\], and these studies did not follow the course of pH~brain~ beyond 4 hours after the completion of the hypoxic-ischemic stress. We now report quantitative cerebrocortical pH~brain~ data in our well-characterized piglet PA/HIE model both during the PA and the first 24 hours of HIE development.

Materials and methods {#sec002}
=====================

All experimental procedures involving animals were approved in a three-step process. First, the detailed experimental plan was carefully reviewed and approved by the Institutional Animal Care and Use Committee of the University of Szeged (IACUC, in Hungarian: SZTE Munkahelyi Állatjóléti Bizottság). Second, the approval of the IACUC-endorsed experimental plan was requested from the National Ethical Committee on Animal Experiments (in Hungarian: Állatkísérletes Tudományos Etikai Tanács, ÁTET). Third, the National Food Chain Safety and Animal Health Directorate of Csongrád county, Hungary on behalf of the Hungarian Government issued the permit based on the ÁTET recommendation (permit nr: XIV./1414/2015). All animal experiments complied with (1) the guidelines of the Scientific Committee of Animal Experimentation of the Hungarian Academy of Sciences (updated Law and Regulations on Animal Protection: 40/2013. (II. 14.) Gov. of Hungary), (2) the EU Directive 2010/ 63/EU on animal protection used for scientific research, and (3) with the ARRIVE guidelines. Furthermore, we state that all procedures in the present study were performed on anesthetized animals, also that all animals were anesthetized and treated with analgetics along with intensive monitoring of vital signs throughout the observation period (24 h) without expected or observed mortality. At the end of the experiments the animals were euthanized with an overdose of pentobarbital sodium (300 mg, Release; Wirtschaftsgenossenschaft deutscher Tierärzte eG, Garbsen, Germany).

Newborn (≤1 day old) male Landrace pigs (body weight: 1.5--2.5 kg, n = 16) were obtained from a local company (Pigmark Ltd., Co., H-6728, Rózsamajor út 13., Szeged, Hungary) and delivered to the laboratory on the morning of the experiments. Anaesthesia was induced by sodium thiopental (45 mg/kg ip; Sandoz, Kundl, Austria). Piglets were intubated via tracheotomy and artificially ventilated by a pressure-controlled small animal respirator with warmed, humidified medical air (21% O~2~, balance N~2~) that could be optionally supplemented with O~2~. Respiratory settings (fraction of inspired O~2~: 0.21--0.25; respiratory rate (RR): 30--35 1/min, peak inspiratory pressure: 120--135 mmH~2~O) were adjusted to maintain blood gas values and O~2~ saturation in the physiologic range. The right femoral vein was catheterized under aseptic conditions to maintain anaesthesia/analgesia with a bolus injection of morphine (100 μg/kg; Teva, Petach Tikva, Israel) and midazolam (250 μg/kg; Torrex Pharma, Vienna, Austria), then with continuous infusion of morphine (10 μg/kg/h), midazolam (250 μg/kg/h) and fluids (5% glucose, 0.45% NaCl 3--5 ml/kg/h). A second catheter was placed into the right carotid artery for continuous monitoring of mean arterial blood pressure (MABP) and heart rate (HR). This artery was chosen as ligation of the femoral artery would have resulted in critical ischemia of the hindlimb over the 24h reventilation period (personal observations), in contrast, unilateral carotid artery occlusion has been shown not to affect cerebral blood flow \[[@pone.0233851.ref017]\]. Rectal temperature was measured continuously and kept in the physiologic range (38.5±0.5°C) with a servo-controlled water circulation heating-cooling pads (Blanketrol III., Cincinnati Sub-Zero, Cincinnati, Ohio, USA). O~2~ saturation, MABP and HR were continuously monitored using a Hewlett-Packard M1094 monitor (Palo Alto, California, USA) and recorded online (MecifView, Arlington, Mass., USA). These parameters were recorded at baseline, during PA and and then for 10 minutes at the beginning of each reventilation hour. Arterial blood samples (\~300 μl/sample) were analysed with a blood analysis system (EPOC Blood Analysis, Epocal Inc., Ottawa Canada) at baseline, at the end of asphyxia; then at selected intervals up to 20 hours to determine arterial blood pH, gas tensions, base excess, central oxygen saturation, hemoglobin, bicarbonate, glucose and lactate concentrations. Prophylactic antibiotics were given iv.: penicillin (50 mg/kg/12 h, Teva, Petah Tikva, Israel) and gentamicin (2.5 mg/kg/12 h, Sanofi, Paris, France). The urinary bladder was tapped by suprapubic puncture at 12 hour after asphyxia.

pH~brain~ measurements {#sec003}
----------------------

Measurements were performed inside a self-made Faraday cage with 4 Hz sampling rate. pH-selective microelectrodes (external tip diameter: 50 μm) were obtained from Unisense (Aarhus, Denmark), whereas glass reference microelectrodes (external tip diameter: \~20 μm and filled with 150 mM NaCl; resistance: \~4-5x10^10^ Ohm) were self-made and used with Ag/AgCl wire electrodes. The electrodes were mounted on stereotaxic manipulators for calibration in 3 different warmed (38°C) buffer solutions (pH: 6.10, 7.10, and 8.10, respectively) before each experiment. The piglet head was fixed in a stereotaxic frame and after retracting the scalp, two small circular craniotomies (Ø≅5 mm) were made over the fronto-parietal cortex, and the dura mater was gently removed. The tips of the pH and reference microelectrodes were installed \~1--2 mm deep into the exposed cortex, and a Ag/AgCl ground electrode was placed under the scalp. The electrode signals were recorded, digitized and stored either using a custom-built differential electrometer (\>10^14^ Ohm input impedance; 16 Hz low pass cut-off), a 16-bit analog-to-digital converter (National Instruments, Austin, TX) and WinEDR software (Dr. John Dempster, University of Strathclyde, UK), or using a Microsensor Multimeter and SensorTrace Logger software (Unisense, Aarhus, Denmark). Evaluation of the recordings was performed offline: by applying linear regression analysis, the signals from the calibration solutions were fitted with a curve and the data were converted to pH values using linear interpolation \[[@pone.0233851.ref015],[@pone.0233851.ref018],[@pone.0233851.ref019]\]. As the technique allows stable continuous pH~brain~ measurements reliably only for 3--4 hours, in different animals, different time windows were chosen to be assessed (baseline, PA and the first 4 hours of reventilation (n = 6), 8^th^-14^th^ hours (n = 8) and 20^th^-24^th^ hours (n = 3) of reventilation as presented in the Results).

Induction of asphyxia {#sec004}
---------------------

After surgery, a 1h recovery period allowed stabilization of the monitored physiological parameters prior to obtaining their baseline values. PA was induced by switching ventilation from medical air to a hypoxic-hypercapnic gas mixture (6% O~2~, 20% CO~2~, balance N~2~) for 20 minutes, simultaneously reducing the RR to 15 1/min and stopping the fluid/glucose administration. Piglets (n = 13) were reventilated (RR: 30 1/min) with medical air for the remaining time of the experiment.

In three additional animals, before inducing PA, the effect of graded normoxic hypercapnia on pH~brain~ was evaluated by 5% step-wise increases in inhaled CO~2~ from 0% to 20%, for 7 to 8 min each. After the graded hypercapnia, normocapnia was restored for 30 min. These animals were euthanized with an overdose of pentobarbital sodium (300 mg, Release; Wirtschaftsgenossenschaft deutscher Tierärzte eG, Garbsen, Germany) at 2 hours after PA.

Neuropathology {#sec005}
--------------

The objective of the neuropathology examination was to test if the asphyxia-induced neuronal injury was similar to what we reported previously using this PA/HIE model at 24 hours after asphyxia \[[@pone.0233851.ref011]\]. Accordingly, out of the 13 piglets exposed to PA, only those animals which were maintained for 24 hours (n = 8) were included. The brains of the eight anesthetized animals were perfused with cold (4°C) physiological saline through the catheterized common carotid arteries 24 hours after the end of asphyxia. The brains were gently removed and immersion-fixed in 4°C, 4% paraformaldehyde solution before further processing. Paraffin embedded, 4 μm sections were stained with haematoxylin-eosin, and neuropathology was assessed by light microscopic evaluation (Leica Microsystems, Wetzlar, Germany). Damaged neurons were identified using the major hallmarks of dark eosinophilic cytosol, as well as pyknotic or disrupted nuclei. The degree of cerebrocortical neuronal damage in the frontal, parietal, temporal, and occipital cortices was determined adapting a previously published scoring system \[[@pone.0233851.ref011],[@pone.0233851.ref020]\]. Briefly, the pattern of neuronal injury (none \< scattered \< grouped \< panlaminar) was determined in 20--20 non-overlapping fields of vision under 20x magnification in each assessed cortical region. Then, scores (0--9) were given to each region based on the frequency (% of 20 examined fields) of the most severe pattern of injury observed. The neuronal damage in the putamen, thalamus and the hippocampal CA1 regions was assessed with cell counting in non-overlapping areas (in 5-5-3 fields of vision respectively; under 200x magnification) as in \[[@pone.0233851.ref011],[@pone.0233851.ref021]\]. Neuronal injury in these regions was expressed as the percentage of damaged neurons.

Statistical analysis {#sec006}
--------------------

Results were analysed offline and plotted using SigmaPlot (v12.0, Systat Software Inc., San Jose, CA, USA) or a MATLAB environment (Mathworks Inc., Natick, MA, USA). Neuropathology scores are expressed as median, 25--75 and 5--95 percentiles. All other data are expressed as mean±SEM. Normality was tested with the Shapiro-Wilk test. The correlation between P~a~CO~2~ and pH~brain~ data were calculated with MATLAB's polynomial curve fitting. Parametric data were compared with one-way repeated measure of analysis of variance (RM ANOVA) followed by the Student-Newman-Keuls *post hoc* test. Level of significance (p) was set at 0.05.

Results {#sec007}
=======

pH~brain~ changes during PA and HIE development {#sec008}
-----------------------------------------------

Induction of PA elicited a reduction in pH~brain~ that continued without levelling off over the 20 min insult, during which pH~brain~ dropped from the baseline value of 7.21±0.03 to 5.94±0.11 by the end of asphyxia (n = 6; [Fig 1A](#pone.0233851.g001){ref-type="fig"}). Upon reventilation, pH~brain~ was restored to 7.0 in 29.4±5.5 minutes with subsequent stabilization at a level that was virtually indistinguishable from the original baseline. Thereafter, from 2 h onwards pH~brain~ remained slightly below baseline (on average, by 0.10±0.02 pH units) without showing any marked alterations at any observed time point within the 24-hour follow-up period ([Fig 1B](#pone.0233851.g001){ref-type="fig"}).

![pH~brain~ changes during PA and the reventilation period.\
(A) pH~brain~ changes (grey lines--individual tracings, bold black line--mean) are plotted 10 min prior the onset asphyxia, during asphyxia, and the first hour of reventilation. pH~brain~ fell progressively during asphyxia showing severe cerebrocortical acidosis, by the end of the insult the pH drop exceeded 1.0 pH unit virtually in all asphyxiated animals. Reventilation quickly restored pH~brain~ to baseline levels. (B) pH~brain~ alterations upon PA and over the 24-hour period after PA: after recovery from the PA-induced severe acidosis, no further significant pH~brain~ alterations were detected at the selected time intervals (n = 6 at PA and between 1--4 hours; n = 8 between 8--14 hours and n = 3 between 20--24 hours; respectively). B: baseline, A: at the end of 20 minute PA. Panel B data points are presented as mean±SEM. \*p\<0.05 *vs*. baseline.](pone.0233851.g001){#pone.0233851.g001}

During the 20 min asphyxia period, O~2~ saturation fell to below 30% and HR increased from about 140 1/min to nearly 200 1/min within the first 2 min, after which they showed no major changes, whereas the response in MABP was biphasic with a transient rise to about 90 mmHg followed by a slower decrease to below baseline ([Fig 2](#pone.0233851.g002){ref-type="fig"}). A rapid recovery of O~2~ saturation to above 80% was seen during the first 2--3 min of reventilation, paralleled by transient increases in HR and MABP to above 240 1/min and 80 mmHg, respectively, after which the signals gradually recovered towards their normal values.

![Hemodynamic and oxygenation changes during PA.\
In all panels, solid lines indicate the mean and the grey shaded area the SEM. (n = 13). After obtaining baselines, PA was initiated resulting first in the transient elevation of mean arterial blood pressure (MABP, top panel) and heart rate (HR, middle panel) accompanying the rapid fall in blood oxygen saturation (pulsoxymetry, bottom panel). While blood oxygen saturation remained \~20% throughout the asphyxia, after the initial peak, MABP fell continuously below baseline, whereas the drop in HR was more moderate and HR remained elevated. Reventilation with air quickly restored oxygen saturation and induced a second transient elevation in both MABP and HR.](pone.0233851.g002){#pone.0233851.g002}

Longer-term monitoring of the physiological parameters reflected well the expected effects of PA and reventilation. Blood hemoglobin concentration (baseline: 8.0±0.3 g/dl; time course not illustrated), core body temperature (controlled by heating, see [Methods](#sec002){ref-type="sec"}), O~2~ saturation, MABP and HR were within the normal range at baseline before PA and the values were not significantly different from baseline throughout the survival ([Fig 3A--3D](#pone.0233851.g003){ref-type="fig"}). In addition to the pulsoxymetry data, arterial blood gas analysis at the end of PA also confirmed the development of central haemoglobin desaturation (from 94±4 to 13±4%) along with severe acidosis, hypoxia and hypercapnia ([Fig 3E--3H](#pone.0233851.g003){ref-type="fig"}). Indeed, the fall in the arterial blood pH (pH~a~) from 7.53±0.03 to 6.79±0.02 was substantial and paralleled by a rise in P~a~CO~2~ to 160±6 mmHg, however, pH~a~ remained more than 0.8 pH unit higher than pH~brain~. Blood glucose and lactate levels were also profoundly raised ([Fig 3I and 3J](#pone.0233851.g003){ref-type="fig"}) \[[@pone.0233851.ref022]\], indicating the metabolic response to PA. The large drop in base excess by 17.4±1.5 mmol/L and reduction in bicarbonate concentration ([Fig 3K and 3L](#pone.0233851.g003){ref-type="fig"}) together with the low pH~a~ (6.79) at the end of PA indicate that asphyxia developed much beyond the key clinical criteria of severe BA in human neonates (pH \<7.0 and base deficit ≥12 to 16 mmol/L \[[@pone.0233851.ref003],[@pone.0233851.ref004]\]). Reventilation quickly restored normoxia in arterial blood, but P~a~CO~2~ levels remained slightly elevated, although the change was statistically significant only at 4 hours. Base excess was already normalized by this time point, and pH~a~ returned to 7.39±0.02, normal for piglets \[[@pone.0233851.ref023]\]. In a similar fashion, blood glucose and lactate levels also returned to baseline by 4 hours, although both were still significantly elevated at 1 hour after PA.

![Physiological parameters and blood chemistry changes during PA and the subsequent 24h reventilation period.\
Core temperature of the animals (n = 13) was maintained in the physiologic range (38.5±0.5°C) during the whole experiment (A). Blood oxygen saturation by pulsoxymetry (B) and mean arterial blood pressure (MABP, (C)) returned to baseline levels soon after asphyxia, however, the heart rate remained moderately elevated (D). Arterial blood gas analysis revealed that asphyxia resulted in severe acidosis (E), hypoxemia (F), hypercapnia (G), and central (arterial blood) desaturation (H). Plasma glucose (I) and lactate levels (J) were markedly elevated along with large drops in base excess (K) and significant reductions in blood bicarbonate concentrations (L). Reventilation restored most of the deranged parameters by 4 hours, and they were not significantly different from baseline levels afterwards, except for pH that was restored to the normal values \[[@pone.0233851.ref023]\] and not to the slightly alkalotic baseline. B: baseline, A: at the end of 20 minute PA. Bars and whiskers represent mean±SEM, \*p\<0.05 *vs*. baseline values.](pone.0233851.g003){#pone.0233851.g003}

Neuropathology analysis confirmed the development of HIE by revealing medium/severe neuronal damage in all examined neocortical regions ([Fig 4A and 4C](#pone.0233851.g004){ref-type="fig"}), and also in the hippocampal CA1 region, the thalamus and the putamen ([Fig 4B](#pone.0233851.g004){ref-type="fig"}). These findings are in accordance with previously reported neuronal injury using the same PA stress \[[@pone.0233851.ref011]\].

![Neuronal injury evaluated at 24 hours after PA.\
(A) Representative photomicrographs showing injured red neurons at 24-hours of after asphyxia in the CA1 hippocampal region, the putamen, and the thalamus (scale bar: 100μm) (B) Cell counting revealed moderate neuronal damage in these regions (n = 8, mean±SEM). (C) Asphyxia also induced moderate/severe neocortical damage shown by medium/high neuropathology scores (lines, boxes, and whiskers represent the median, the 25^th^-75^th^, and the 5^th^-95^th^ percentiles, respectively).](pone.0233851.g004){#pone.0233851.g004}

pH~brain~ changes during graded normoxic hypercapnia {#sec009}
----------------------------------------------------

These experiments were performed to evaluate the contribution of the respiratory component to the pH~brain~ changes recorded during PA. Step-wise, 5% increases in inhaled CO~2~ ([Fig 5A](#pone.0233851.g005){ref-type="fig"}) resulted in proportional step-wise reductions in pH~brain~ ([Fig 5B and 5C](#pone.0233851.g005){ref-type="fig"}). Arterial blood gas analysis revealed similar graded reductions in pH~a~, thus the difference between pH~brain~ and pH~a~ remained unchanged during hypercapnia ([Fig 5B](#pone.0233851.g005){ref-type="fig"}). Maximal changes were observed during the inhalation of 20% CO~2~ when pH~a~ dropped from 7.52±0.06 to 6.98±0.02, whereas pH~brain~ from 7.32±0.01 to 6.77±0.02. The pH~brain~ and pH~a~ changes were fully reversed by restoration of normocapnia.

![Cerebral acidosis induced by graded normoxic hypercapnia.\
(A) pH~brain~ changes during graded normoxic hypercapnia induced by ventilation with 5--20% CO~2~ followed by restoration of normocapnia (grey lines--individual tracings, bold black line--mean). (B) Simultaneous reductions in pH~a~ and pH~brain~ during graded normoxic hypercapnia were in accordance with the elevations in P~a~CO~2~, the values were (mmHg) 5%: 59.6±7.8, 10%: 84.7±9.0, 15%: 107.0±6.7, 20%: 120.3±8.2, (mean±SEM; n = 3). Corresponding P~a~O~2~ values were (mmHg) 5%: 75.5±12.8, 10%: 78.2±11.3, 15%: 85.5±8.2, 20%: 84.5±9.8, (mean±SEM; n = 3). (C) Linear regression shows close correlation between P~a~CO~2~ and pH~brain~ (R^2^ = 0.8546) values obtained during graded hypercapnia (5--20% CO~2~).](pone.0233851.g005){#pone.0233851.g005}

Discussion {#sec010}
==========

In this study we present *in vivo* real-time recorded pH~brain~ values during PA and the subacute phase of HIE in a translational piglet PA/HIE model. The major findings of the present study are the following: (1) our experimental model elicited PA reflecting its major hallmarks and triggered neuronal injury corresponding to moderate/severe HIE revealed by neuropathology; (2) cerebrocortical pH~brain~ dropped drastically in response to PA, the acidosis exceeding one pH unit in the brain compared to the arterial blood; (3) reventilation/reoxygenation allowed the restoration of pH~brain~ to baseline levels, then pH~brain~ remained stable around baseline levels without major shifts over the 24h observation period.

Every PA/HIE model using postnatal animals inevitably carries the limitation that PA is induced after and not before/during the cardiorespiratory adaptation to extrauterine life. However, we believe that in our study this disadvantage has been minimized by two factors. First, we used truly newborn piglets, thus their vulnerability to PA was least likely to have considerably changed by postnatal development. Second, we elicited PA that resulted in severe enough arterial pH and blood gas alterations that are known to signal human HIE development. This statement is justified by a clinical study that reported significant differences in the degree of acidosis (pH~a~: 6.75±0.18 vs 6.90±0.18) and hypercapnia (P~a~CO~2~: 141±37 vs P~a~CO~2~: 94±22 mmHg) between asphyxiated babies presenting vs not presenting with HIE \[[@pone.0233851.ref024]\]. In our model the corresponding values were pH~a~: 6.79±0.02 and P~a~CO~2~: 160±6 mmHg, closely matching the data from human HIE patient group. Interestingly, virtually identical values from umbilical artery blood samples (pH~a~: 6.69±0.04 and P~a~CO~2~: 156±4 mmHg) were obtained in piglets undergoing spontaneous PA during delivery also indicating the translational value of the piglet as a PA/HIE model species \[[@pone.0233851.ref025]\]. We have developed and used this PA/HIE protocol to test the putative neuroprotective effect of molecular hydrogen \[[@pone.0233851.ref011]\]. We report virtually identical neocortical, hippocampal, and subcortical neuronal injury in the present study compared to those in \[[@pone.0233851.ref011]\]. Based on the similar neuropathology findings, we can assume that the surgical manipulations associated with pH~brain~ measurements did not affect HIE development in this study, lending support to the translational value of the present pH~brain~ findings.

The importance of pH~brain~ determining neurological outcome following hypoxic-ischemic stress has long been acknowledged \[[@pone.0233851.ref026]\]. However, quantitative data on pH~brain~ changes during/after PA in piglet PA/HIE models are very scarce in the literature \[[@pone.0233851.ref016],[@pone.0233851.ref027],[@pone.0233851.ref028]\]. Bender *et al*. \[[@pone.0233851.ref016]\] assessed pH~brain~ using a similar technique in 1--3 days old piglets. PA was induced also with a hypoxic-hypercapnic gas mixture (5--8%O~2~-7%CO~2~) for 30 min. At the end of PA, the measured pH~brain~ was 6.26±0.14, which is about 0.3 pH unit higher than in our study and likely at least part due to the much lower P~a~CO~2~ values (61±1 *vs*. 160±6 mmHg \[[@pone.0233851.ref016]\] *vs* present study, respectively). After PA, the reventilation commenced with 100% O~2~ ventilation, in addition, sodium bicarbonate (2 mEq/kg, iv) was infused for rapid correction of arterial pH. Both of these interventions are likely to decrease the translational value of the study by Bender *et al*. \[[@pone.0233851.ref016]\] as they are not included in current guidelines of neonatal care, and they may have affected the recovery of pH~brain~ that was completed in 90 min. Moreover, there was no significant neuronal injury compared to sham operated animals, except experiments where PA was combined with hemorrhagic hypotension, suggesting that the applied PA as such was not severe enough to elicit HIE. Corbett *et al*. \[[@pone.0233851.ref027]\] used MRS in 8±3 day old piglets to determine pH~i~ during and after ischemia but not genuine PA. Incomplete cerebral ischemia was elicited by combining bilateral carotid artery occlusion and hemorrhagic hypotension for 25 min followed by 90 min of reperfusion \[[@pone.0233851.ref028]\]. Severe acidosis developed during the ischemia that was dependent on blood glucose levels during the stress. Brain pH~i~ dropped below 5.6 in fed piglets that responded to ischemia with hyperglycemia (9.4-15 mmol/L), whereas in fasted piglets responding with hypoglycaemia (1.4-2.6 mmol/L) the nadir at the end of ischemia was mere pH~i~≅6.6. Upon reperfusion, pH~i~ was again normalized within the 90 min observation period.

From the above discussed studies it is clear that higher levels of hypercapnia, cerebral blood flow, and blood glucose all promote the development of cerebral acidosis during PA. Increases in P~a~CO~2~ to 140--160 mmHg observed both in human and piglet PA will alone reduce pH~i~ to 6.5--6.6 under normoxic conditions \[[@pone.0233851.ref029]\]. Also in the present study, we provide evidence that under normoxic conditions the inhalation of 20% CO~2~ alone (P~a~CO~2~:120 mmHg) results in a pH~brain~ drop to 6.8. Using linear regression ([Fig 4C](#pone.0233851.g004){ref-type="fig"}), we then calculated that the developing hypercapnia (at P~a~CO~2~: 160 mmHg) alone results in a pH~brain~ drop to 6.50 in our PA model, in full agreement with previous results. Further acidification during PA will be dominantly determined by the increases in the rate of anaerobic glycolysis fuelling the subsequent lactic acid production. The rate of glycolysis is limited by glucose delivery to the hypoxic brain, as its reduction by either reducing cerebral blood flow \[[@pone.0233851.ref016]\] or blood glucose levels \[[@pone.0233851.ref028]\] attenuated the development of acidosis. We have previously shown that in our PA model significant cerebral ischemia does not develop \[[@pone.0233851.ref011]\] as in most animals the drop in MABP during the 20 min PA ([Fig 4](#pone.0233851.g004){ref-type="fig"}) does not reach the lower limit of blood flow autoregulation \[[@pone.0233851.ref030]\]. Admittedly, PA in our model has not been long enough for the development of hypotension and bradycardia commonly seen in severely asphyxiated infants, however, it can nicely represent the PA phase before the cardiovascular adaptation mechanisms are exhausted and likely the most pronounced pH~brain~ alterations occur. In summary, our current study provides new compelling experimental evidence that not only cerebral ischemia but *bona fide* PA combining clinically relevant levels of hypoxia, hypercapnia and hyperglycemia is sufficient to elicit cerebral acidosis that is severe enough (pH~brain~ \<6.0) to strongly affect neuronal viability \[[@pone.0233851.ref031]\]. The developing ≅0.8 pH unit difference between pH~brain~ and pH~a~ signals a \>6-fold H^+^ gradient across the blood-brain barrier that is in compliance with previous findings that the blood-brain barrier is mature in newborn pigs and not severely compromised by PA \[[@pone.0233851.ref032]\].

Alterations in pH~brain~ may play important pathophysiological roles not only during acute PA, but also after reventilation/reoxygenation. Previously, pH~brain~ was reported to be stable in piglets after restoration from PA, but it was not followed up beyond four hours of recovery \[[@pone.0233851.ref016]\]. In contrast, our current study extended the post-asphyxia observation period to 24 hours. We found no major secondary alterations in pH~brain~ in this piglet PA/HIE model during the 24-hour period after PA. Our present findings are in compliance with previous pH~i~ data obtained with MRS in a piglet HIE model using hypoxic-ischemic stress instead of PA \[[@pone.0233851.ref033]\]. In this study, pH~i~ remained at baseline levels after restoration from the ischemic stress for 48 hours, furthermore, the development of secondary energy failure was not reflected in pH~i~ alterations in this time period. In a human MRS study, pH~i~ was also reported to be normal (7.13±0.05) in asphyxiated normocapnic newborns during the first day of life \[[@pone.0233851.ref034]\], in accordance with our present study. Importantly, brain alkalosis developed during the following days, and then persisted for weeks, even months \[[@pone.0233851.ref013],[@pone.0233851.ref034]\]. However, we would like to point out that our PA/HIE piglet model represents the subgroup of asphyxiated babies that require intubation and respiratory support, but not those who breathe spontaneously. While the mechanically ventilated babies stay normocapnic, the spontaneously breathing babies often hyperventilate and may develop hypocapnia \[[@pone.0233851.ref024]\]. This response can reflect a relative hyperventilation, secondary to the induction of hypoxic hypometabolism resulting in reduced CO~2~ production \[[@pone.0233851.ref035]\]. Reduction in P~a~CO~2~ due to hyperventilation tends to elevate pH~brain~ and this notion is of special interest as hypocapnia has been identified as an independent risk factor for adverse neurological outcome \[[@pone.0233851.ref036],[@pone.0233851.ref037]\]. In piglets, moderate hypocapnia was sufficient to elicit a reduction in cerebral perfusion with a simultaneous increase in pH and lactate levels even in the absence of asphyxia \[[@pone.0233851.ref038]\]. Indeed, our findings indirectly suggest that maintenance of normocapnia/ slight hypercapnia may prevent secondary pH~brain~ alterations. In a recent work aimed to establish a translationally valid small-animal model of birth asphyxia in rats and guinea pigs, higher P~a~CO~2~ levels during simulated birth asphyxia and gradual restoration of normocapnia afterwards were found to elicit beneficial effects on cerebral metabolic acidosis, oxygen and lactate levels \[[@pone.0233851.ref039]\]. Clearly, further studies are warranted to explore these effects in the piglet model. Our current study had some additional limitations. We collected pH~brain~ data from the neocortex using only one level of asphyxia, leaving other brain regions and levels of stress unexplored.

Conclusions {#sec011}
===========

Our translational piglet PA/HIE model reproduces all major hallmarks of birth asphyxia and elicits significant neuronal injury without employing carotid artery occlusions and/or hemorrhagic hypotension. In this model, pH~brain~ drops below 6.0, ≅0.8 pH unit lower than pH~a~ during PA, establishing a pathogenetic role of severe acidosis in neuronal injury. However, secondary pH~brain~ alterations after restoration of baseline levels were not observed during the 24-hour subacute period, perhaps due to the prevention of secondary hypocapnia by controlled mechanical ventilation.

10.1371/journal.pone.0233851.r001
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Dear Mr. Remzső,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses all the points raised during the review process.

Both reviewers found the study interesting and indicated only minor issues to be corrected. Among others both of them made remarks that the neuropathological changes need to be described in more details.

We would appreciate receiving your revised manuscript by May 30 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Mária A. Deli, M.D., Ph.D.

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. Please include more information about the company who provided the experimental animals for the study, ie company address.

3\. We noticed you have some minor occurrence(s) of overlapping text with the following previous publication(s), which needs to be addressed:

<https://doi.org/10.1016/j.mvr.2017.05.006>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

Additional Editor Comments:

The review process for this particular study took longer than expected and that is usual due to difficulties to find reviewers. Based on my personal experience of handling over 300 papers, it belongs to a tiny minority of manuscripts. Altogether 17 experts were invited and 15 of them, including the reviewers suggested by the authors, rejected the invitations based on different reasons. I appreciate the patience of the authors.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This is a well designed study that aimed to assess the alteration of brain pH under hypoxic-hypercapnic and normoxic-graded hypercapnic conditions in newborn pigs. The goal of the study was to work out an animal model for perinatal asphyxia.

The conduction and the methodology are logically designed and clearly, reproducibly described. In the results the authors described the time course of different parameters during and after hypoxic and normoxic hypercapnia and reventilation.

I have some comments and questions:

• In the methods section authors are mentioning that arterial blood samples were taken at different occasions during the study. Would it be possible to provide other systemic blood gas parameters beside pH? It would be intersting to see how for example systemic PaO2 and PaCO2 were changing during the procedure. Obviously they were registered because systemic PaCO2 is shown in figure 5C. Brain tissue pH may be dependent by systemic CO2 and O2 amounts beside metabolic change of the tissue itself.

• It is not clear for this reviewer whether neuropathological changes shown in figure 4 do represent which group of animals. According to the description, graded hypercapnia was induced in three animals and hypoxic hypercapnia in 13. The eight animals were from which group of animals? (probably out of the 13\...?). Would this mean that neuropathological changes of the another 3 animals are not shon here? If this is the case were they different?

Thank you for having the opportunity to review this manuscript

Reviewer \#2: General comment:

In the manuscript entitled 'Brain interstitial pH changes in the subacute phase of hypoxic-ischemic encephalopathy in newborn pigs', the authors reported their new method of well-characterized piglet perinatal asphyxia/neonatal hypoxic-ischemic encephalopathy (PA/HIE) model and provided the data of real-time brain interstitial pH changes. The manuscript is well written and provided fundamental and important data for PA/HIE. However, there are some points that the authors should address in the manuscript.

Please provide the discussion about the result of neuropathology (Figure 4). Any difference among the lesions (CA1, putamen, thalamus)?

The piglet PA/HAE model that authors described seems functional. The pHbrain drops during PA and causes neuronal injury, however, secondary pHbrain alterations were not observed. Authors described the reason of no secondary change is that controlled mechanical ventilation prevent from secondary hypocapnia. This is just speculation, but it is worth investigating further because it's important for clinical application of therapy for HIE. Authors should refer to a bit more in discussion section.

Please also provide limitation section.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Béla Fülesdi

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Response to the Academic Editor:

We thank the Editor for inviting us to respond to the critique by the two Reviewers. We are especially grateful for the effort that was apparently above average to procure the necessary reviews. Our point-by-point responses to the journal requirements / editorial comments are the following:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf>

and

<http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Response: The figure legend titles and citation styles have been corrected as required. The Figure legends have been inserted after the paragraph in which they first appear as suggested (Fig 1: lines 194-203, Fig 2: lines 212-219, Fig 3: lines 239-250, Fig 4: lines 256-261, Fig 5: lines 270-277).

The figures have been uploaded to the Preflight Analysis and Conversion Engine (PACE) to ensure that figures meet PLOS requirements. We have attached all the PACE adjusted figures to the online platform.

The File names have been corrected.

Line 381: Conclusions section heading has been added.

Line 11-13: Author affiliations were corrected, short title has been removed.

2\. Please include more information about the company who provided the experimental animals for the study, ie company address.

We included the company address in the manuscript:

Line 96: Pigmark Ltd., Co., H-6728, Rózsamajor út 13., Szeged, Hungary

3\. We noticed you have some minor occurrence(s) of overlapping text with the following previous publication(s), which needs to be addressed:

<https://doi.org/10.1016/j.mvr.2017.05.006>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

We have been baffled by this concern. We know the authors of the indicated study very well as we work for the same medical school. We could not find any overlap with the free on-line engines (like Dupli Checker) between the studies. That is not surprising since there is no overlap between the two studies concerning the hypothesis, the animal model species, the used techniques, or even the drugs, let alone the findings or the discussion. As both studies use in vivo animal experiments, and the groups share the same legal background concerning the regulations about it, we can only think there was an overlap between the description of this legal background and how the necessary permits in Hungary can be obtained. This section is in the Methods, which is according to journal policy such an overlap is tolerable, however, we still tried to rephrase somewhat this section to prevent even the hint of plagiarism. The possible overlapping text may be in lines 83-89, which describes these procedures. The rephrased sentences are the following:

"...). Third, the National Food Chain Safety and Animal Health Directorate of Csongrád county, Hungary on behalf of the Hungarian Government issued the permit based on the ÁTET recommendation (permit nr: XIV./1414/2015). All animal experiments complied with (1) the guidelines of the Scientific Committee of Animal Experimentation of the Hungarian Academy of Sciences (updated Law and Regulations on Animal Protection: 40/2013. (II. 14.) Gov. of Hungary), (2) the EU Directive 2010/ 63/EU on animal protection used for scientific research, and (3) with the ARRIVE guidelines. ."

In case of any further such concern, please advise us immediately.

Response to Reviewer \#1:

Reviewer \#1: This is a well designed study that aimed to assess the alteration of brain pH under hypoxic-hypercapnic and normoxic-graded hypercapnic conditions in newborn pigs. The goal of the study was to work out an animal model for perinatal asphyxia.

The conduction and the methodology are logically designed and clearly, reproducibly described. In the results the authors described the time course of different parameters during and after hypoxic and normoxic hypercapnia and reventilation.

We thank the Reviewer for taking the time to evaluate our manuscript and for his/her helpful comments. We are also grateful for the appreciation of our work.

I have some comments and questions:

\#1. In the methods section authors are mentioning that arterial blood samples were taken at different occasions during the study. Would it be possible to provide other systemic blood gas parameters beside pH? It would be intersting to see how for example systemic PaO2 and PaCO2 were changing during the procedure. Obviously they were registered because systemic PaCO2 is shown in figure 5C. Brain tissue pH may be dependent by systemic CO2 and O2 amounts beside metabolic change of the tissue itself.

The physiological parameters of the animals exposed asphyxia were monitored, and the relevant data have been summarized in Figure 3. In Figure 3, 8 panels from Fig 3E to Fig 3L present the data obtained from the arterial blood samples, showing the full blood gas panel, and in addition, lactate and glucose data. The legend of Figure 5 reported the average PaCO2 levels, and in the revision we included the blood PaO2 data as well (lines 275-276).

\#2. It is not clear for this reviewer whether neuropathological changes shown in figure 4 do represent which group of animals. According to the description, graded hypercapnia was induced in three animals and hypoxic hypercapnia in 13. The eight animals were from which group of animals? (probably out of the 13\...?). Would this mean that neuropathological changes of the another 3 animals are not shon here? If this is the case were they different?

We are sorry for any discrepancies. Indeed, 13 piglets were exposed to asphyxia, and from those 8 animals were observed for 24 hours, and only those were processes for neuropathology examinations. The aim of the neuropathological examination was only to make sure that indeed asphyxia induced neuronal injury -- HIE, to a similar extent that was reported in Ref 11. We made a number of changes in the manuscript to clarify this issue:

Line 156-159: " The objective of the neuropathology examination was to test if the asphyxia induced neuronal injury was similar to what we reported previously using this PA/HIE model at 24 hours after asphyxia \[11\]. Accordingly, out of the 13 piglets exposed to PA, only those animals which were maintained for 24 hours (n=8) were included. "

Furthermore, we did not wish to perform neuropathology on the three piglets that were involved in the pHbrain measurements during graded normoxic hypercapnia. We do not expect that short-term normoxic hypercapnia that has been used even in human studies to test cerebrovascular reserve would cause measurable neuronal injury. Nevertheless, the short duration of these experiments would have excluded the possibility to detect neuronal injury with the technique employed.

Response to Reviewer \#2:

Reviewer \#2: General comment:

In the manuscript entitled 'Brain interstitial pH changes in the subacute phase of hypoxic-ischemic encephalopathy in newborn pigs', the authors reported their new method of well-characterized piglet perinatal asphyxia/neonatal hypoxic-ischemic encephalopathy (PA/HIE) model and provided the data of real-time brain interstitial pH changes. The manuscript is well written and provided fundamental and important data for PA/HIE. However, there are some points that the authors should address in the manuscript.

We thank the Reviewer for his/her helpful comments and the appreciation of our work.

\#1. Please provide the discussion about the result of neuropathology (Figure 4). Any difference among the lesions (CA1, putamen, thalamus)?

We modified the manuscript to clarify the role of the neuropathology. We included/modified statements in the Methods and the Results section, please see our response to Reviewer \#1, concern\#2. In addition, we inserted the following section in the discussion:

Lines 301-306. "We have developed and used this PA/HIE protocol to test the putative neuroprotective effect of molecular hydrogen \[11\]. We report virtually identical neocortical, hippocampal, and subcortical neuronal injury in the present study compared to those in \[11\]. Based on the similar neuropathology findings, we can assume that the surgical manipulations associated with pHbrain measurements did not affect HIE development in this study, lending support to the translational value of the present pHbrain findings."

\#2. The piglet PA/HAE model that authors described seems functional. The pHbrain drops during PA and causes neuronal injury, however, secondary pHbrain alterations were not observed. Authors described the reason of no secondary change is that controlled mechanical ventilation prevent from secondary hypocapnia. This is just speculation, but it is worth investigating further because it's important for clinical application of therapy for HIE. Authors should refer to a bit more in discussion section.

We agree with the Reviewer that this is a speculation at this point, and we thought it was worth a notion, therefore we did not wish to elaborate on it. However, we have added a few thoughts to this part of the Discussion and combined it with the requested limitation section above as well. The following section was inserted:

Lines: 366-379: "This response can reflect a relative hyperventilation, secondary to the induction of hypoxic hypometabolism resulting in reduced CO2 production \[35\]. Reduction in PaCO2 due to hyperventilation tends to elevate pHbrain and this notion is of special interest as hypocapnia has been identified as an independent risk factor for adverse neurological outcome \[36,37\]. In piglets, moderate hypocapnia was sufficient to elicit a reduction in cerebral perfusion with a simultaneous increase in pH and lactate levels even in the absence of asphyxia \[38\]. Indeed, our findings indirectly suggest that maintenance of normocapnia/ slight hypercapnia may prevent secondary pHbrain alterations. In a recent work aimed to establish a translationally valid small-animal model of birth asphyxia in rats and guinea pigs, higher PaCO2 levels during simulated birth asphyxia and gradual restoration of normocapnia afterwards were found to elicit beneficial effects on cerebral metabolic acidosis, oxygen and lactate levels \[39\]. Clearly, further studies are warranted to explore these effects in the piglet model. Our current study had some additional limitations. We collected pHbrain data from the neocortex using only one level of asphyxia, leaving other brain regions and levels of stress unexplored"
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Dear Dr. Remzső,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Mária A. Deli, M.D., Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors responded to all of my questions properly and they addressed all of my proposals. They indicated the changes in their response and in the manuscript.

Reviewer \#2: Authors nicely revised their manuscript point by point according to reviewer's comments. No additional comments.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Yoichi MOROFUJI

10.1371/journal.pone.0233851.r004

Acceptance letter

Deli

Mária A.

Academic Editor

© 2020 Mária A. Deli

2020

Mária A. Deli

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

20 May 2020

PONE-D-20-01890R1

Brain interstitial pH changes in the subacute phase of hypoxic-ischemic encephalopathy in newborn pigs

Dear Dr. Remzső:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Mária A. Deli

Academic Editor

PLOS ONE
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